Under high electric field and vacuum conditions, cathode electronic emission phenomena result in a low intensity current, the so-called dark current. Such conditions can be encountered in circuit breakers and in the planned neutral beam injector heating systems for fusion power plants (ITER and DEMO). Apart from energy losses, the main risk posed by this dark current is a runaway phenomenon leading to breakdown and failure of the injector.
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The present work is aimed at the experimental study of the cathode electronic emission in controlled conditions. A sphere-to-plane electrode configuration was suspended in a high vacuum chamber (5x10 -6 Pa). Electrodes were made of stainless steel (316L), and the planar electrode surface was polished to a r a = 10 nm finish. The gap spacing between electrodes was variable from 100 to 250 µm. A DC negative voltage was applied to the planar electrode with maximum value of 30 kV. The emission current was measured at the anode; measured intensities ranged from 10 pA to 1 µA.
The influence of the gap distance on cathode emission was investigated for different values of the macroscopic applied electric field (from tens of MV·m -1 to 200 MV·m -1 ) in order to evaluate the contribution of the anode electrode, as previously reported [1] in ultra vacuum conditions (1x10 -9 Pa). The results show that with increasing electric field for a highly polished planar cathode (r a =10nm), dark current was either below detection limits (<1pA), or exhibiting transient current peaks (5-10 nA amplitude, several seconds duration), suggesting the destruction of an emissive spot; for both cases, runaway phenomena were observed leading to breakdown for high electric field values (>120 MV·m -1 ). For surfaces which had either been damaged by breakdown, or polished to a higher roughness value, a continuous dark current was measured in the range of ~10pA-1nA for electric field strengths of ~60-80MV·m -1 . These results gave good linear fits when plotted according to the Fowler-Nordheim relation.
